Protein -energy malnutrition promotes adaptive hormonal changes that result in stunting. A previous study showed that stunted children had increased insulin sensitivity and diminished pancreatic b-cell function. The objectives of the present study were to analyse the glucose, insulin, homeostasis model assessment of insulin sensitivity (HOMA-S) and homeostasis model assessment of pancreatic b-cell function (HOMA-B) levels after nutritional recovery. The recovered group (n 62) consisted of malnourished children after treatment at a nutrition rehabilitation centre. At the beginning of treatment their age was 2·41 (SD 1·28) and 2·31 (SD 1·08) years, weight-for-age Z score 22·09 (SD 0·94) and 2 2·05 (SD 0·55) and height-for-age Z score 21·85 (SD 1·11) and 2 1·56 (SD 0·90), for boys and girls respectively. The control group consisted of well-nourished children without treatment (n 26). After treatment, boys of the recovered group gained 1·29 (SD 1·06) Z scores of height-for-age and 1·14 (SD 0·99) Z scores of weight-for-age, and girls, 1·12 (SD 0·91) and 1·21 (SD 0·74) Z scores respectively. No differences were found between control and recovered groups in insulin levels for boys (P¼0·704) and girls (P¼0·408), HOMA-B for boys (P¼0·451) and girls (P¼0·330), and HOMA-S (P¼ 0·765) for boys and girls (P¼ 0·456) respectively. The present study shows that the changes observed previously in glucose metabolism and insulin were reverted in children who received adequate treatment at nutritional rehabilitation centres and showed linear catch-up.
. In developing countries, stunting is associated with intra-uterine and maternal malnutrition, inadequate quality or quantity of complementary foods during infancy, impaired absorption of nutrients caused by intestinal infections and parasites or a combination of these factors 3 . The long-term consequences of childhood malnutrition have been associated with metabolic changes that may contribute to the onset of non-communicable diseases 4 . Even though studies on the consequences of postnatal malnutrition are scarce, a study done by González-Barranco et al. 5 concluded that regardless of birth weight, malnutrition has adverse effects on insulin metabolism and glucose tolerance in young men.
A series of studies in Brazil identified alterations in body composition associated with stunting among adolescents. Stunted girls living in slums were found to be more susceptible to weight-for-height gain when compared with a control group when consuming fat-rich diets, increasing the risk of developing obesity 6 . Martins et al. 7 in a prospective study of 11 -15-year-old adolescents observed that stunted girls gained less lean mass and had a significantly higher increase of fat mass at follow up. A recent study with the same adolescents found a lower concentration of fasting insulin in the stunted group compared with the control group. The stunted group also presented a lower value of homeostasis model assessment of pancreatic b-cell function (HOMA-B) and an increased value of homeostasis model assessment of insulin sensitivity (HOMA-S) when compared with the control group. These findings indicate lower activity of pancreatic bcells as well as increased insulin sensitivity in these stunted adolescents 8 . In a study with children treated at the Nutrition Education and Recovery Center (CREN; São Paulo, Brazil), das Neves et al. 9 showed that children who recovered from malnutrition had a higher height-for-age gain in Z score when compared with the weight-for-age index. The treated groups also presented a lower amount of fat mass when compared with the control group, after treatment at CREN. However, the study did not investigate if the height recovery was also capable of normalising insulin-related parameters.
Studies on anthropometric recovery in malnourished children and reversion of the change in glucose metabolism are almost non-existent; therefore the present study aimed to analyse insulin resistance and pancreatic b-cell function in children and adolescents who recovered from malnutrition at CREN.
Methods

Nutrition Education and Recovery Center
The recovered children of the present study were treated at CREN, a centre that offers treatment to slum children with mild to severe malnutrition. Paediatricians, nutritionists, social workers and psychologists participated in the treatment. The paediatrician monitored the clinical status, laboratory findings and anthropometric progress of each child. The nutritionist followed the child's diet and corrected the problems identified during treatment. Laboratory tests (blood and stools) were done each semester. The children also received Fe and vitamin (A, B, C and D) supplements in prophylactic doses 9 .
Protocol
The children were selected from CREN's database and from an anthropometric census carried out in slums in the southern area of the city of São Paulo. In order to be included in the study, the children were submitted to a screening procedure. Stool and parasite examinations were done and urine samples were collected to check for urinary infection, or presence of glucose, epithelial cells and leucocytes. Blood tests were also done to determine if the child had anaemia. The children were treated before the study, if any of these examinations were positive.
Sixty-two children recovered from malnutrition and twentysix children from the community were included in the study. These children were divided into two groups according to the following criteria: (1) the treated group, consisting of children treated at CREN who recovered from malnutrition and whose Z score in the first visit was below 2 1·645 (5th percentile) for weight-for-age or height-for-age (thirty-one boys and thirty-one girls); (2) the control group, consisting of children whose Z score for weight-for-age and height-forage were above 21·5 (sixteen boys and ten girls) and whose socio-economic conditions were the same as those of the children in the treated group.
The children in the recovered group were followed up from the first visit, when they began treatment at CREN, until the protocol of the study was done, characterising a follow-up time of approximately 60 months. The children in the control group were selected based on anthropometric assessments done directly at the slums. 
Anthropometry
The children were weighed in underwear and asked to position themselves in a manner that their weight was equally distributed on both sides of the scale 10 . For children up to 7 years old, a digital scale with a capacity of 31 kg and precision of 10 g was used. Children above 7 years and adolescents were weighed on a platform scale with a capacity of 150 kg and precision of 50 g (model SD-150; Country Technologies, Gay Mills, WI, USA).
Height was determined with a stadiometer fixed to a wall with a precision of 0·1 cm. The children and adolescents were barefoot with ankles touching the wall, arms hanging loosely and head in the Frankfort plane 10 . The program Epi Info 2000 (version 1.1.2a; Centers for Disease Control and Prevention, Atlanta, GA, USA) was used to assess nutritional status. The nutritional status indicators used were the Z scores for weight-for-age, height-forage and weight-for-height, BMI and BMI Z score using the National Center for Health Statistics 11 curves as standard.
Pubertal staging
Pubertal stage was assessed by a physician at CREN using Tanner's criteria 12 . The children were then classified according to the cut-off values established by the WHO 13 ; girls with breast stage equal to or greater than 2 (M2) were considered pubertal and boys with genital stage equal to or greater than 3 (G3) were considered pubertal; the children whose breasts or genitals were below these levels were considered prepubertal.
Laboratory tests
Blood was collected by an auxiliary nurse at CREN's research facility between 07·30 and 08.30 hours, after a 10 h fast, to assess insulin and glucose; then the samples were centrifuged and stored at 2208C. The analyses were done at the AFIP laboratory, at the Federal University of São Paulo. Insulin was determined by enzyme immunoassay (Tosoh Corporation, Tokyo, Japan) and glucose was analysed by the enzymic colorimetric method (Bayer Diagnostics, New York, NY, USA) using ADVIA equipment with a wavelength reading of 340 nm.
A computer model was used to determine HOMA-S and HOMA-B from fasting plasma glucose and specific insulin, total insulin or C-peptide concentration 14 . HOMA was validated by a series of studies 15, 16 that also included non-diabetic children and adolescents 17 .
Dietary intake
An interviewer visited the families in their homes on three separate days (including a weekend day) to fill out the dietary questionnaire and determine the child's food intake during a 24 h period. These visits occurred in the same week in which the anthropometric evaluation was performed. The energy content and composition of the diet were calculated using a computer program specially designed for Brazilian food 18 and a Brazilian food composition table 19 .
Statistical analysis
The Mann-Whitney test was used for the statistical analysis of nutritional status. Fasting insulin results were compared with analysis of covariance using the insulin neperian logarithm to normalise the data. The results were adjusted for age and pubertal stage and these variables were included in the analysis of covariance model. The HOMA-B and HOMA-S indices were also analysed using analysis of covariance, and then corrected for pubertal stage and age. All the analyses were subject to variance homogeneity tests between the groups compared through the Levine test and the results of all of them were P.0·05. Furthermore, the interaction term between groups and interaction tests between groups and the model factors were analysed in each model and the result obtained was of P.0·05 for all of them. The software SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for all the analyses having a ¼ 0·05.
Results
Nutritional status at the beginning of treatment
Following WHO 13 criteria, the number of boys with mild malnutrition, according to the height-for-age and weight-for-age indices, was fourteen (48 %) and thirteen (43 %) respectively; the number with moderate or severe malnutrition was ten (34 % by height-for-age) and fifteen (50 % by weight-forage). The number of girls with mild malnutrition was fourteen (50 % by height-for-age) and thirteen (41 % by weight-forage); the number with moderate or severe malnutrition was seven (25 % by height-for-age) and seventeen (54 % by weight-for-age). None of the studied children had oedema or hypoalbuminaemia. Table 1 shows the anthropometric data and nutritional status of the children recovered from malnutrition and controls. The malnourished children treated at CREN were on average 2.5 years old at the beginning of treatment. At the time of the present study, the recovered group showed values for weight-for-age, height-for-age, BMI, and BMI Z score that were at the lower end but within the limit of normality for both sexes. Recovery children, however, showed significantly lower anthropometric values than control children. Table 2 shows the pubertal stage data for boys and girls. None of the boys in the control group had reached puberty at the time of the study, whereas one boy in the recovered group reached puberty at this time. Four girls in the control group and five girls of the recovered group had reached puberty at the time of the study. Differences in pubertal stages were not significant between control and recovered groups. Table 3 shows the intake of macronutrients by the control and recovered groups. Intakes of protein of the recovered group were significantly higher than those of the control group.
Nutritional recovery
Pubertal stages
Food intake
Insulin and homeostasis model assessment
The results of plasma insulin concentration between the recovered and control groups and for both sexes are in Table 4 . The mean concentration of plasma insulin adjusted for age and pubertal stage did not differ statistically between the control and recovered groups for boys (P¼0·704) and girls (P¼0·408). There was also no significant difference in glucose concentration (P¼0·290 and P¼0·507 for boys and girls respectively). The control and recovered groups did not present a significant difference in HOMA-B (P¼0·451 for boys and P¼0·330 for girls). The results were also similar for the HOMA-S index (P¼0·765 for boys and P¼0·456 for girls). 
* Mean value is significantly different from that of the control group of the same sex (P,0·05; Mann-Whitney test).
Discussion
The results of the present study show the importance of an adequate nutritional treatment in nutritional rehabilitation centres such as CREN. The recovered group, consisting of children who were treated in their early years of life (0-6 years), showed insulin and insulin sensitivity values similar to the control group (well fed) when corrected for age and pubertal stage at the end of follow up. These findings can be explained by the treatment offered at CREN, which consists of a balanced diet with protein of high biological value, nutrition education and medication for parasites, infections and anaemia. In addition, children and parents receive nutrition education, which is an important source of information on what has to be consumed in terms of food in order to recover nutritionally and develop healthier life habits. It is known that differences in insulin and other hormone secretion occur among different types of malnutrition 20 . The type of malnutrition in Brazil, however, is essentially marasmus, related to insufficient food intake and high prevalence of infectious diseases, rather than kwashiorkor 21 . Confirming this, a recent national survey has shown that the percentage of proteins in Brazilian food is adequate 22 . That is probably the reason why we do not find oedema or severe hypoalbuminaemia in our malnourished children.
According to Kabir et al.
23
, protein is a key determinant of height gain. In their study a group of school-aged children received a protein-rich diet and another group had oil added to the diet. The group fed the protein-rich diet gained height in direct proportion to the amount of protein they received while the group that received the oil-rich diet displayed no additional growth.
The biological variable with one of the greatest long-term impact on the health of malnourished children after recovery from malnutrition is height gain. Special attention to diet is important during nutritional recovery, as it must allow a gain in height without offering excess energy as this would lead to obesity later on 24 . The data regarding food intake in Table 3 show that the group who recovered from malnutrition had a better protein intake than the control group. This can be justified by the fact that CREN aims also at nutrition education. The food intake results of the present study revealed that a healthier diet was maintained after discharge, despite their living conditions. On the other hand, the food intake data of the control group showed that those children had never received nutrition education and, as they live in slums, they may have been consuming inadequate foods. The present results also show adequate b-cell function in children who recovered from malnutrition, contrary to the results found by Martins & Sawaya 8 , who studied untreated stunted children of the same population of children living in slums in the city of São Paulo.
Literature data on anthropometric recovery and insulin normalisation are scarce. Soliman 25 studied the concentration of fasting insulin in response to the infusion of arginine in children with marasmus, kwashiorkor and marasmic-kwashiorkor before and after nutritional rehabilitation in a hospital. After nutritional rehabilitation there were no differences between the insulin responses to arginine infusion of the kwashiorkor or marasmic-kwashiorkor groups and the response of the control group. This means that nutritional rehabilitation can have a positive influence on the response of the b-cell regarding insulin secretion and maintenance of glucose homeostasis.
Furthermore, the fetal and postnatal periods are critical to the development of the b-cell and maturation of pancreatic function. For this reason, intervention in the first years of life can justify the findings of the present study in regards to the insulin levels, given that the postnatal environmental factors exert an important role in b-cell maturation 26 . Soto et al. 27 studied changes in insulin sensitivity and secretion associated with low birth weight and postnatal growth in small-for-gestational-age newborns at age 48 h and after 1 year of life. After the first year of life, insulin sensitivity was more related to weight gain while insulin secretion was more related to length gain.
In the present study we found a lower BMI in recovered children compared with controls after an average of 5 years of follow up. We do not have a complete explanation for this finding. We believe this finding could be associated with diet quality, with the consumption of protein of higher biological value and the systematic treatment of infectious diseases and anaemia. However, we do not know why the bodies of these children prefer to gain more height rather than weight. Gain of lean mass is important to prevent obesity and its consequences, and favours the normal insulin and glucose homeostasis found.
In conclusion, the children recovered from malnutrition treated at CREN presented normal values for insulin and glucose metabolism. However, the present study included only prepubertal children, and therefore there is no assurance that these values continue to be normal in adult life.
